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II . INTRODUCTION 

Input all along on this project has been on an almost continuous 
basis. Mr. House provided direct input as an integral part of the NASA 
Team. Also a NASA authored journal publication references the input of 
Mr. House's. In fact the above article on metastability hinges upon his 
annealing induced shifts in the alpha (A-2) phase lattice constant. 

The reader may find this input somewhat crypic and sometimes without 
conclusions. This effort was a small part of a larger NASA program and 
must be viewed in that context. 

This high volume report is rather rough, as it is a composite of the 
three earlier reports attached together in chronological order to form 
Appendices A, B, and C. 

III. OBJECTIVE AND RESULTS 

Although our objectives (qualitative phase identification and accurate 
lattice constant determination) were met in this effort, we were admittedly 
hoping to generate a scientific, technical breakthrough: (the drop tube) 

synthesis and x-ray identification of (high T ) stochiometric bulk Nb^Ge. 
Of all the A-15 samples of NbGe alloy examined, DT 094 is unique in that it 
was at least 99% pure A-15 phase. Also its diffraction peaks were noisy as 
if there were about a one percent compositional variation on this phase. 
DT 094, however, was only a large fragment of the drop tube drop, and thus 
its small sample size may have reduced the intensity, thus enhancing 
fluctuations enough to explain some of the loss of peak resolution. 
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IV. DISCUSSION 

One possible explanation for the apparent undetectability of up to 20% 

of high metastable (a ■ 0.5166 nm) region, could be due to the possibility 

of a continuous spreaded of A-15 lattice constants in the 0.514 to 0.516 nm 

range, thus generating a smear of diffraction noise just to the left of 

each of A-15 peaks. Unfortunately, the K alpha 1 peak associated with the 

small fraction of metastable A-15 phase (a * 0.5155 nm) would fall right on 

top of the K alpha 2 peak of the stable phase (a » 0.5168 nm), thus further 

contributing to difficulty of detection. A precision monochrometer to 

diffract off the unwanted K alpha 2 line would help. Perhaps this K alpha 

3 

2 line may be analytically by the so-called Ratchinger technique 

4 

subtracted. Along a similar line of reasoning, Mathias may have been 
forced to use the Debye Scherrer technique by virtue of having a much 
smaller nample volume than in the present investigation. 
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V. SUGGESTIONS 

As the While phase diagram does not lend itself to the formation of 
single phase A-15, however, the drop tube seems to have overcome thin 
problem at least as far as T)T 094 is concerned. This idea in fact may be 
patentable technique for producing pure (but still unstocbiometric) single 
phase A-li). Splat-cooling rates offer great advantages and the drop tower 
offers good undercooling advantages in super-cooling by about 400 K. So 
intergrating a cryogenic splat-cooler to the bottom of the drop tube may 
produce more metastability in phases such as A-15. It appears that success 
in generating the bulk me testable phase may lie with smaller samples (0,1 
mm) whose dimensions lie closer to those of the micron thick, 
superconducting stochiometric, high T fi Nb^Ge thin films. These smaller 
superconducting volumes will require a gr fitet inductances bridge 
sensitivity. The present 20% coll unbalance should be compensated for by a 
variable mutual inductor coupling the primary to the. secondary detector 


circuit . 
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Official work on this task began September let. when 
Mr. Kenneth House, a new 1/2 time graduate research assistant 
with undergraduate experience in x-ray diffraction, began a 
1 month literature of review of "Nb^Ge" with emphasis on 
x-ray diffraction. A chronological chart of the "NbgGe" 
findings (through 1978) is shown in Tables 1,2, 3, 4, 5, 6, and 7. 
During October the Phillips x-ray diffractometer with new Ortec 
counting electronics was calibrated using Silicon, Niobium, 
and Quartz powder samples, The signal to noise ratio was 
optimized by adjusting the detector voltage, the amplifier 
gain, and the upper and lower level discriminators. The 

resulting I vs. 20 scan for quartz yields a trace (Fig. 1) 
similar to the ideal "Text Book" example but with a 5 times 
better signal to noise ratio. 

Good resolutions of the Kc^ and Ka 2 peaks at an angle as 
low as 50° (20) indicates a good resolving power for the total 
system even in this fast scan mode (l°/min). The peak is seen to 
fall within 0.02° of the handbook valued of 26.44° and 20.83°, 

At slower scan speeds the .02" should reduce to ~.01°. 



Portion of the Ouartz calibration (l°/min.) scan showing 











QURU T Z 


Figure II The 20 range around 50° is shown at 1000 CPS full scale. 

at l°/mlnute with a 1 second time-constant. The good 
resolution of the ol and a 2 peak at a 20 angle as low 
as 50° indicates good resultion by the system. 
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During October and November the five "as cast" samples of compositions 
ranging from Nb 13. 5% Ge to Nb 35.1% Ge were reduced to powders suitable 
for x-ray analysis. Sample holders were machined to various depths 
(.05, .1, .5 mm) to find the optimal depth with a minimum volume of sample. 
Current fluctuations which were probably due to gas in the old-x-ray 
tube, delayed the x-ray analysis of the samples until a substitute tube 
could be installed and tested. The preliminary x-ray analysis of the 
samples was completed by mid-December with no further problems in the 
instruments. 

Sections of the diffraction patterns for the samples are shown in 
Figures 3 through 7 to help illustrate the results of the x-ray analysis. 

The region from 34° to 44° is the most "active" of the entire scan 
for these Nb Ge samples. For that reason, almost all of the important 
Information concerning the samples can be found in this 10° range. 

The locations of the peaks are the "fingerprints" of the sample, and 
each phase has its own distinct set of peaks. 

The task of qualitative analysis, then, becomes that of Isolating 
and identifying the "fingerprints" of each phase. The standards for 
identification are found in the x-ray powder diffraction files as 
shown in Figure 8. These files were first compiled and revised in 
1957 by the American Society for Testing and Materials, and new sets 
are updated every few years as additional substances are indexed. 

Compounds are indexed according to their "d" spacing, that is, the 
distance between adjacent planes in the set (hkl) of the Miller indices 
for the crystal system. The "d" values can be determined from the 20 

peak location according to the condition for Bragg scattering, 

, „ A 
2 sin 0 

where A is the wavelength of the radiation. In this analysis, A is the 

O 

Copper Kap radiation equal to 1.54051 A. 
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The 3*5.1% Ge sample was extremely brittle. The entire sample 
(0.12 gm) was needed to Hill the sample holder. Two separate scans 
were made in the course of the analysis, the second run being used 
for data collection. The peak locations indicate the following phases: 

1) Nb^Ge^ (T) tetragonal 

2) Nb^Ge (c) cubic 

This is in good agreement with what one would expect to find on the 
35.1% Ge region of the Nb-Ge equilibrium phase diagram. 

The lattice constant was calculated for the Nb^Ge in this sample 
o ^ 

as a * 5.165 + .002 A. Using the equation given by Matthias", the long* 

range order parameter was determined to be S = 0.7. This implies 

that about a third of the germanium atoms are on the wrong site in 

the crystal lattice. 
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The peaks of the 27.1% Oe also line up with those of Nb^Ge (C) and 
Nbj-Ge^ (T) as found in files //10-296 and #8—354 respectively. The cubic 
'attice constant can be calculated for any peak of the set (hkl) 
according to the equation from lattice geometry, 

1 h 2 + k 2 + l 2 

72 " 2 

d a 

o 

In this sample a Q ® 5.167 + .002 A 
Once again the x~ray analysis is in agreement with the phase diagram. 
Notice in Figure 4 that the Nb^Ge peaks have greater peak heights than 
in the previous sample. This is because the composition is shifting 
toward the Nb^Ge rich region, and the peak heights, or intensities, 
are proportional to the composition. 
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The 22,1% Go sample shows only slight traces of the Nb^Ge^ (T) 
phase In Figure 5, The bulk of the sample is the Nb^Ge (C) phase, The 

O 

lattice constant is a * 5.166 + ,002 A and the order parameter Is S - 0.7 

0 


nfife a 











On the phase diagram, the 18.2% Ge sample appears to fit In the 
middle of the 3 phase region, And at the first scan It was thought to 
contain only one phase also. However, investigation of the Intensity 
ratios for the peaks revealed on additional phase, and another scan 
showed additional peaks, thereby verifying the presence of two phases; 
Nb 3 Ge (C) by file // 10-296 
Elemental Nb by file //16-1 

0 

The lattice constant for this sample Is a Q ■ 5,169 + -002 A, 
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Table 8: The "d" values for the peaks shown in figures 3-7 are listed for 


comparison with the ASTM values. 
NR = not resolvable 
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Figure 9: 


One of the revised and updated cards from the 
ASTM x-ray diffraction file. 


The x-ray scan of the 14% Ge sample was just recently completed 

due to the fact that the 13.5% Ge sample studied earlier was found 

to be contaminated from the porcelain mortar set. The presence of 

Nb is very clearly seen in Figure 7, as well as the usual 3 peaks of 

0 

Nb„Ge The lattice constant is a » 5.171 + ,002 A. 

J o — 

During the next two months x-ray analysis efforts work will move 
from these "as cast" baseline samples to the very interesting samples 
solidified in the drop-tower. Higher accuracy A-15 lattice constants 
will emerge from slower scans and weighted averaging over the higher 
20 range of the diffractometer. 

No problems are foreseen at this time which would impede this 
project. 

The computer printout balance sheet shows for 31 December, 1979. 

Encumbrance: $1,937.60 

Expenditure: 2,036.47 

Balance: 6,189.96 
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The results of this preliminary analysis seem to be in good 
agreement with the expected results with Tespect to the equilibrium 
Nb-Ge phase diagram, and with the standard ’’d" values as found in the 
ASTM files. 

Only two minor problems with the ASTM files have been noticed 
from this initial study. The first is due to a systematic error of 
20 * .4° found in powder file care //IQ-296, which is the standard for 
Nb^Oe. It is the low 20 angle peaks that are in error, and the lattice 
constant calculcated from these peaks are not in agreement with the 

O 

listed a Q value. In some cases the error was as great as -0.04A. 

As a result of this finding, the confidence in the ASTM values has 
been questioned, and a search is being made for updated data which does 
not have the internal discrepancy of the // 10-296 file card. 

The second minor problem is due to the omission of several 
peaks in the updated file card // 26-684. This card is meant to replace 
// 8-354, the standard for Nb^Ge^* Xt is not known at this time why the 
peaks were left out, but an attempt is being made to contact ASTM for 
the reason. In this case it is the newer, updated data which is in 
question, contrary to what was expected. 

Also the observation has been made the the optimal sample-holder depth 
is 0.1mm. This requires about 120 mg of solid alloy in order to grind 
enough powder to fill the sample holder. The x-ray scans can be made with 
less, but 80 mg is probably the very minimum weight necessary to 
analyze the sample. 
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OBJECTIVE 

The objective here is to perform x-ray diffraction analysis on NbGe 
alloys quick solidified by supercooling in a free fall drop tower. 

Accurate lattice constant measurements yield the percentage composition 
of each phase while diffractometer intensity measurements yield the 
approximate percentage abundance of each phase and the long range order 
parameter. 

In particular x-ray evidence is sought for the solidification of 
high superconducting transition temperature stochiometric metastable A-15 
3 -phase Nb^Ge being formed by the large (~500°C) supercooling. 

The equilibrium 3-phase width is only 1% from 16 at, % G to 17 
at.% Ge quite far from the stochiometric composition at 25 at. % Ge. 

O 

The 3-phase lattice constant should change from 5.167A at 17 at. % Ge 
(equilibrium) to about 5.14 at 25 at. % Ge. Most of the two dozen 
samples reported herein were found to have 3-phase lattice constants in 
the equilibrium range. One or two could be considered marginally in 
(i.e. in the fringes of) the metastable range with the desirable decreasing 


lattice constant. 
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X-Ray Diffraction of Nb^Ge 

A. Contract results have exceeded the proposed expectations In most 
areas. 

1. Designed for only 9 months service - the service period of 
this contract has been doubled to about 18 months. 

O 

2. Lattice constant (3 phase) accuracy (+ .002 A) is an order 
of magnitude better than proposed. 

3. An abondoned SSL Diffractometer has been refurbished with 
new transistorized components in the counting circuit. It is n.'jw 
in better than new condition serving the SSL Staff. 

4. A rotation stage was borrowed from Army labs which allows 
high accuracy lattice constants measurements on the polished face 
of a sample without destructively powdering. 

B. Results which thus far are less than expected. 

1. Calculated order parameters for the 3 phase (S) contained 
greater than expected error due to the presence of other phases 

(a and y) in the samples analyzed. This will improve as the samples 
become more nearly single phase. 

2. Evidence for the stochiometric 3 phase was not found; thus 
its volume fraction could be less than 20%, Past 3 stochiometric 
phases were surface located, however present ground polished and 
powdered samples are more volume related. Future powders should be 
ground from the surface of drop tower solidified samples to seek the 
most enrichment of the stochiometric (metastable) 3 phase. 
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Enhancement Techniques for Improving the 
X-Ray Diffraction of Nb^Ge 

1. Concentrate X-Ray analysis toward surface. Look for near stochio- 
metric Nb^Ge nearer the surface by using softer (larger X x-rays) 
which are less penetrating. 

2. Use near-grazing- incidence to reduce the x-ray penetration to provide 
a truer surface composition. 

3. Generate more surface area by crushing into a thin film (using two 
cooled bricks) the undercooled drop. The sphere is diometrically 
opposite to the thin film in surface to volume ratio. 

4. Add a cryowheel at the bottom of the drop tube to further hasten 
the quick freeze. 

5. Run a second diffractometer recorder tracing to at %°(26) shift at / 

30 x and 20 x and 10 x attenuation to find the percentage at which 

the second phase becomes detectable. 

6. Operate the 1024 channel multichannel analyzer in the subtract 
multiscaling mode with an Nb power to better electronically subtract 
the unwanted Cx-phase samples lines from the samples which are 

a 3 mixtures. 

7. Strive both electronically (as above) and metalurgically for purer 
0 samples which do not have the a and y phases which by over- 
lap xng peaks alter the intensity rations needed to accurately 
calculate the long range order parameter. 

8. Try for more 0£ in the drop tube - needed for forming the metastable 


s 

i 



phase. 
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Reference 1 (Culllty, 2nd Ed.) and Reference 2 (Klug and Alexander) 
provide excellent books for the reader interested in x-ray diffraction. 
Cullity provides a broad introduction for the introductory undergraduate 
with problem sets at the end of each chapter. X-Ray Diffraction Procedures 
for Polycrystalline and Amorphous Materials (by Klug and Alexander) pro- 
vides an encyclopedia of practical up to date techniques. Examples of 
their style and applicability are given on the next few pages. This 
Report by no means represents the total contract output, as an interim 
(35 page) report was filed February, 1980. Also, about one third of ou,r 
man hours were spent in NASA facilities as integral team members of the 
overall projects with data being passed to the C.O.R. on a daily basis. 
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In order to check the accuracy of the diffractometer, calibration 
scans were made using Standard Reference Material 640. 

The powder was mounted in disk form in order to fit the sample 
holder. 

Three sets of data were taken for dish it 2. Each separate scan is 
given by the scan number. 

Additional scans were made of these disks at random Intervals in 
order to make a weekly check on the alignment. No data were calculated 
From these checks since they were basically routine in nature. 


TABLE 1 


CALIBRATION RESULTS 

N.B.S SRM 640 LATTICE PARAMETER (A) 


Sample 

Scan it 

Plane 

Disk //I 

1 

(533) 

Disk it 2 

1 

(620) 


2 

(533) 


3 

(620) 


by 

Strip-Chart 

Recording 


by .05° 
Step-Scan 


5.43141 
5.43142 5.43141 


by .01° 
Step- Scan 

5.43144 

5.43139 

5.43136 


5,43142 


5.43138 
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From the three valves found by 0.01° step-scanning of dish // 2, 
the mean and standard deviation is (for N * 3) X - 5.431377,0 * + .000015 

O 

The predicted uncertainty is +.0002A by eq (8-3). 

Since the standard deviation is less than the theoretical prediction, 

O 

then the mean value of 5.431377 A is taken as the experimental value 
for the Si lattice constant. 

The confidence in this mean value does not appear to be un- 
warranted. Comparing this mean value with the NBS value of the SRM 640 
reveals: 


** fl .. n ^ 

- £5E - — x 100% 

a NBS 


.0004970 

5.43088 


x 100% 


.00915% 


an accuracy of 0.01% . 

In order to make a check on the amount of experimental error intro- 
duced into the analysis, selected samples were x-rayed again. In this 
way the actual reproducibility could be compared with the predicted 
uncertainty. 

O 

All values are in A units. 


DT 

085 

ANNEALED 




“o 

of 

(611) plane by 

1/4° 

min strip chart recording 

5.17574 

a 

i s 

of 

(611) plane by 

.01° 

step-counting with 

5.17574 





Quadratic Fit 


DT 

097 

ANEALED 




a 

q 

of 

(611) plane by 

.05° 

step-counting with 

5.16899 





Quadratic Fit 


a o 

of 

(611) plane by 

.01° 

step-counting 

5.16898 


>o 
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SRM 640 
Dish if 2 


a Q - (620) 

plane by 

.05° 

step 

5.43142 

5.43142 


by 

.01° 

steps 

5.43139 

5.43138 

(533) 

plane by 

.05° 

steps 

5.43141 


by 

.01° 

steps 

5.43136 


by ^°/min 

strip-chart 

5.43142 


All calculations were carried out to five decimal places in order 
to show that there is essentially no deviation in the values out to 
the fourth decimal place. 

Assuming a 26 uncertainty of 0.005°, the predicted uncertainty by 

O 

equation (8-3) is + .0002 A. The mean and standard deviation for these 
samples is given below: 

x a 

DT 095 AN (N - 2) 5.17574 + 0.00000 

DT 097 AN <N * 2) 5.168985 + 0.0000,1 

SRM 640 Dish if 2 (N = 7) 5.43140 + 0.00013 

In this analysis, the fact that the standard deviation is less 
than the theoretical prediction is a reliable confirmation of the 
precision, or reproducibility, obtainable from the x-ray diffractometer 
used for this study. 
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Comments: 

1) All samples were prepared for x-ray analysis by polishing the 
solid to the Interior, except for samples DT 081 and DT 094, which 
were ground to fine powders (325 mesh) before analysis. Also samples 
DT 212 and DT 224 were x-rayed on the exterior surface only with no 
polishing. 

2) The silicon calibration dishes are made from NBS standard reference 
material 640 (silicon x-ray diffraction standard). 

3) The overall compositions of the samples are approximate values 
based on the as-cast compositions, 

4) The annealed lattice parameter values $r;e those of the eight (8) 
samples which were annealed by Tom Rathz. The annealed samples were 
grouped into lots according to the annealing temperature. "A" group 
annealed at 550°C for 12 hours. "B" group annealed at 650 °C for 12 
hours. 

5) If a phase was not found in the sample the lattice parameter is 
marked M N". If the phase was present, then the lattice constant 
value is listed in the appropriate column. If the phase was present 
in barely detectable amounts, then the lattice parameter could not 

be determined due to low signal to noise ratio. In this case the 
presence of the phase is qualitatively noted by a "Y". 

6) The \alues for the lattice parameter were taken from the diffrac- 

tion peaks at the highest 20 angle possible. In the case of the a 
phase, the values were obtained from the (321) plane, 20 133°. 

7) When the lattice value is given to 4 decimal places, the precision 

o o 

is + .0002 A; for 3 places, + .002 A. 

O 

8) X = 1.54051 A - Copper Ka^ radiation. 
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A - 2 Phase 


"ALPHA" Phase 


Nb *f Ge SOLID SOLUTION 


The data for the lattice parameters of the different phases found 
in selected samples are presented in graphic form. The composition 
data for these samples were determined by EDAX by Dan Kinkle. 


(X-phase 

GRAPH 1 - Comp. vs. lattice parameters for DT 077, 086, 099 before 

and after annealing at 550°C for 12 hours. 

Under equilibrium conditions, the maximum substitutional solution 

of Ge into the Nb lattice occurs at 1900°C. The overall composition 

3 

of the sample is 11.5% Ge. 

The lattice constant corresponding to 11.5% Ge is (0.32934 nm) 

o o 

3.2934A. 3.2934A is the equilibrium limit for the a-phase lattice 

constant according to these considerations. 

Before annealing, these samples had a-phase lattice dimensions 
less than the equilibrium value. This fact implies the existence of 
a non-equilibrium a-phase. 

After annealing, these samples had a-phase lattice constants 
equal to the equilibrium value. This implies that the annealing 
restored the non-equilibrium a-phase to an equilibrium condition. 


ALPHA PHASE LATTICE CONSTANT FOR DROP TUBE SAMPLES 



OVERALL COMPOSITION 









B14 


POOR 5^ 


% Change in w-Phase Lattice Constant 


TABLE 3 

a-a o 

— ■ x 100 a - 3.2934A eq. limit at 

a o 

11.5 % Ge Jorda (1978) 


Comp 
% Ge 


( ast DT 

Material Sphere 


Annealed DT Annealed DT 
Sphere Flat Flat Splat 


Annealed 

Splat 


13 -.0015 

DT 077 
DT 078 

DT 218 -0.20 

DT 220st -0.08st 

st = stinger attached 


-0.07 +0.02 

-0.07 +0.04 


18 -0.08 
DT 082 
DT 085 
DT 086 
DT 212 


-0.15 

-0.13 -0.004 

-0.13 -0.004 

-0.04 


22 Y 

DT 097 -0.08 Y 

DT 099 -0.10 +0.003 


Any negative 100 
Ge solid solution. ) 

Annealing drives 


(a-a Q )/a o is non-equilibrium a-phase 
sample back to equilibrium value. 


(The Nb + 
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GRAPH XT. 

Carpenters criteria for non-equilibrium is given by the dotted off 
area in the upper left and the lower right. Since the EDAX overall 
compositional error bars spread over a range of error of -30% the 
lattice constants offer the only precise means of determination of 
whether or not a sample phase is stable. Note that overall composition 
in this study is the average over two or three pahses (a,$>Y) present 
in the sample and should not be confused with the narrow S— phase width 
from 16 to 17 at % Ge shown between the dotted lines. 

Except for DT 086 and DT 099, the lattice constants seem to 

o o 

cluster about 5.176A for the Nb rich end and 5.168A for the Ge 
rich end of overall composition as expected. This study seeks to 
identify for the first time bulk Nb^Ge samples with lattice constants 
in the range (17 to 22 at % Ge) as found by Rogowski^ and Jorda" 3 on 
thin films and splat cooled samples, as shown in Graph II. 


15 PHASE LATTICE CONSTANT FOR DROP TUBE SAMPLES 



{uiu) 1NV1SNOO 30I11V1 3SVHd SIV 


I 

» 


GRAPH 2: Carpenters Criteria 
Dotted Into Graph 


15 PHASE LATTICE CONSTANT FOR DROP TUBE SAMPLES 
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A- 15 Phase "Nb 3 Ge" 

Graphs 2-4 

Overall composition versus A~15 lattice constant for selected 
samples before and after annealing. "AC M is as cost material. 

Graph 2 

The dotted lines mark the regions given by Carpenter (Ref. //5) 
for the limits of the Equilibrium A-15 Homogeneity range. 

Graph 3 

The dotted lines mark the regions given by Rogowski (Ref. //4) 
as the limits of the stable A-15 Homogeneity range. 

Graph 4 

The dotted lines mark the regions of the equilibrium A-15 phase 
range from data given by Jorda (Ref. // 3) at the eutectic temperature (1865°C). 

A sample must be within the dotted regions in order to be considered 
metastable according to the various criteria. This graphic form allows 
quick evaluation of a sample in terms of equilibrium. 

It is almost possible for the A-15 phase in any given sample to 
be classified as either stable or non-stable, depending on whose criteria 
is used for the grouping, [i.e., Carpenter, Rogowski, Jorda.] In 
fact additional criteria are given by other researchers -Muller, 

Rasmussen, Newkirk, etc. It will require more time to put them all 
together . 
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The ASTM Powder Diffraction File Card // 10-298 gives a value of 

O 

5.168 A for the lattice parameter of the A-15 phase ("Nb,j Ge”) . 

Using this value for a Q , then x 100 can be evaluated for 


each sample and evaluated with respect to the various criteria, where 
']3 " is the lattice parameters for the A-15 phase in this case. 
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Jorda’s Equilibrium Criteria 

Lattice 0 
5.173 A 

O 

Ge-rich limit 5.156 A 

23% Ge 

(at eutectic temp) 


Nb-rich limit 
18% Ge 


3 

According to Jorda's criteria: (1) Nb-rich end - lattice 

0 

constants greater than 5.173 A are metastable. (2) Ge-rich end - 

O 

The lattice constant must be greater than 5.156 A in order for the 
sample to be metastable. 


Rogowski's Equilibrium Criteria 

Nb-rich limit 
16% Ge 


Ge-rich 

17% Ge 


Lattice 

5.176 

5.167 


A 

O 

A 


According to Rogowski’s criteria:^ (1) The value of 

any 100(3-3 )/3 number less than -0.02 is still stable Nb„Ge on the 
o o j 

Ge-rich side. (2) Any positive number must be greater than +0.15 
in order to be non-equilibrium A-15 (i.e. metastable) on the Nb-tlch 
end of the homogeneity range. 

Carpenter’s Equilibrium Criteria 

Nb-rich limit 
15% Ge 

Ge-rich limit 
22% Ge 


Lattice 0 
5.177 A 


5.167 A 
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5 

According to Carpenter’s Criteria} (1) Metastable Nb^Ge on 

the Nb-rich end requires positive numbers greater than +0.17. (2) 

On the Ge-rlch side, a negative number less in magnitude than -0.02 Is still 
equilibrium. 
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A-15 Phase Conclusions 

Considering the Nb-rich end it appears from all three criteria 
that seven*.!, samples have the metastable A-15 phase. Annealing 
(650°C, 12 hours) appears to have no effect on the lattice constant 
in these samples . 

The three criteria do not agree as well on the Ge-rich side of the 
A- a.5 phase. Carpenter and Rogowskl are in close agreement. The recent 
work by Jorda of course has definitely different limits on this end 
of the equilibrium homogeneity range at the eutectic temperature. 

By Carpenter and Rogowski criteria, it is possible that DT 094 
formed a metastable A-15 phase during annealing. 

Likewise, under the same criteria, it may be that DT 090 formed 
a metastable phase during annealing. 

5 

According to Carpenter’s Criteria: (1) Metastable Nb^Ge on the Nb- 

rich end requires positive 100(3-3 Q )/3 o numbers greater than +0.17. (2) 

On the Ge-rich side, a 100(3-3 o >/3 of -0.02 is still equilibrium. 
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AIMT.NDIX 

Additional X-Kay Results 


ube 


The effect of annealing on an Nb sphere processed in the drop 
is seen in the following hack-reflection Laue photographs. 



Sample DT153 before annealing. The presence of Debye rings 
through the elongated Laue spots indicates a deformed crystal. 
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Sample HDT153 after annealing at ~1400°C for 12 hours. The 
elongation and Debye rings are not present. With a polycrystalline 
specimen of randomly oriented grains a complete Debye ring is formed, 
because the nc mals to any particular set of planes (hkl) have all 
possible orientations in space; in a deformed single crystal, only 
fragments of Debye rings appear. We may imagine a circle on the film 
along which a Debye ring would form if a polycrystalline specimen were 
used, as indicated in Fig. 8-26. If a Laue spot then becomes enlarged 
as a result of lattice deformation and spreads over the potential Debye 
ring, then a short portion of a Debye ring will form. 
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A revision of the previously reported "properties of Nb^Ge" liter- 
ature table was Initiated to focus mainly on the studies of bulk forms 
of the alloy, including T £ and x-ray data. 

The detector and electronic counting system for the x-ray diffracto- 
meter at S.S.L. were put into operation during this reporting period 
using the standard calibration, alignment, and operating procedures. 

The system is functional and adjusted for maximum efficiency. 

Silicon powder calibration disks were used to check the accuracy 
of the x-ray system. The scan data for these disks yield a relative 
precision of 0.001%, and an absolute accuracy of 0.008%. 


X-RAY DATA FOR ALLOYS 


Sample DT 239 was polished and mounted 

for x-ray analysis, which 

revealed 

the following information: 


1) 

A- 15 lattice parameter 

5.1697 + 2 X 

2) 

Phases 

3 (95) 


(relative volume per cent) 

y (5) 

3) 

Line width for (611) plane 

0.30° 


corresponding lattice spread 

+ 3mX 

A slice from the Nb-25% Ge ingot was prepared for x-ray analysis 

which revealed: 


1) 

A-15 Lattice parameter 

5.1689 + A X 

2) 

Tnases 

6 (64) 


(relative colume per cent) 

y (36) 

3) 

Line width for (611) plane 

0.35° 


A slice was also taken from the Nb-2% Ge ingot and x-rayed after 


polishing. 


C2 


1) A-2 Lattice parameter 3.2977 + 2 X 

2) Phases a (100) 

3) Line width for (321) plane - 0.28° 

very noticeable broadening of peaks in this sample — probably 

indicative of compositional gradient. 

Vegard's law for solid solutions can be used to predict the lattice 
parameter vs. solute concentration behavior. It does not hold, however, 
for the Nb-Ge solid solution (A-2 structure), designated as the 'a' phase, 
due to the dissimilar elemental structures of Nb (b.c.c.) and Ge (diamond 
cubic) . 

Since sample DT 224 was annealed before polishing, the x-ray data 
for DT 224 AN (annealed, polished flat) may or may not have any reliability 
when compared with previously reported data for DT 224 (unpolished, curved 
surface). In either case the analysis revealed for DT 224AN: 

1) A-15 Lattice parameter 5.1701 +4 X 

2) Phases 8 (85) 

Y (15) 

3) Line width (611) plane 0.30° 

An effort was made to introduce an internal calibration standard 
during the analysis of the Nb-Ge alloys. This was tried by mounting 
the alloy and Si standard powder 640 in the sample holder for simultaneous 
analysis. This does not appear to be feasible, however, due to the 
occurence of overlapping diffraction peaks for Si and the a (Nb-Ge solid 
solution) phase. 

The line width of the diffraction peak (the (611) plane for 8 phase, 
(321) plane for a phase) is the width at half-maximum intensity. 


C3 


** 


Due to the flat shape of DT 243 (composition ~Nb-25% Ge) it was 
possible to x-tay this alloy in the "as processed" condition and obtain 
good S/N ratios. 

O 

1) A-15 lattice parameter 5.1680 + 4 A 

2) Phases 6 (91) 

Y ( 9) 

3) Line width, (bll) plane 0.30° 

According to data given by Newkirk et al., [I.E.E.E. Trans., 1975 
MAG 11(2) 221-4] on the variation of transition temperature with lattice 
spacing for Nb^Ge, DT 243 would have a T. of about 11 K. 

An effort was also made to x-ray DT 244 in the bulk form without 
polishing, but the low S/N ratio was unsatisfactory for reliable analysis. 


i 


APPENDIX 


The relative volume per cent o£ a phase present In an alloy can 
be predicted from the phase diagram for equilibrium conditions. Using 
the Lever rule one can obtain the following: 


Volume percent of y phase in Nb-Ge alloys 


Composition 


Temperature 

°C 

Nb- %Ge 

600 

1500 

1865 

22 

12.5 

6.3 

0 

25 

38.5 

30.7 

16.7 

27 

63.6 

54.5 

40.0 


The volume % y phase can be measured experimentally and compared with 
these equilibrium values. The presence of a metastable phase in the 
alloy should be evident from this comparison providing the solidification 
temperature is known. 

The relative volume % of the y phase is found by normalization of the 
x-ray intensities measured for the (210) plane of the 3 phase and the 
(411) plane of the y phase: 


